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SUMMARY

In the developing avian embryo, the main energy source is the yolk. Toward the end of the
incubation period, the remaining yolk sac is internalized into the abdominal cavity. At hatch, the
remaining yolk comprises 20% of the chick’s BW and provides the nutrients needed for
maintenance. Posthatch, chicks rapidly initiate the transition from yolk dependence to the utilization
of exogenous feed. However, at present, it is not known what types of bacteria are found to be
associated with unabsorbed yolk sacs from market-age broilers. For Experiment 1, one hundred
6-wk-old defeathered broiler carcasses were obtained from a commercial processing facility during
each of 3 visits. In the second experiment, one hundred 8-wk-old defeathered broiler carcasses
were obtained from a different commercial processing plant on 4 separate occasions. For both
experiments, each carcass was aseptically opened and inspected for the presence of an unabsorbed
yolk sac. Three to 5 carcasses containing a free-floating yolk sac (within the abdominal cavity)
and the yolk stalk (without a yolk sac) and 3 to 5 carcasses containing an attached yolk and yolk
stalk from each repetition were randomly selected and analyzed for levels and types of total
aerobic bacteria (APC), Enterobacteriaceae (ENT), and for the presence of Campylobacter spp. and
Salmonella serovars. The APC ranged from log 3.3 to >log 6.0, and the ENT ranged from log 2.8
to >log 6.0. Staphylococcus spp. and Streptococcus spp. were the predominant organisms in APC,
whereas Escherichia coli and Hafnia alvei were found to comprise the ENT. Campylobacter spp.
was found in 29% of the yolk stalks, 32% of the attached yolk sacs, and 13% of the free-floating
yolk sacs. All Campylobacter isolates were determined to be Campylobacter jejuni, except for 1
attached yolk and yolk stalk, which was Campylobacter coli. Salmonella serovars were found in
26% of the yolk stalks, 48% of the attached yolk sacs, and 23% of the free-floating yolk sacs, and the
majority of Salmonella isolates were Salmonella Typhimurium. The significance of these bacterial
reservoirs and carcass contamination during processing is yet to be determined.
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DESCRIPTION OF PROBLEM

The main energy supply of the developing
avian embryo is yolk, which contains carbohy-
drates, lipids, proteins, and antibodies, with lip-
ids providing the most important source of en-
ergy to the embryo [1, 2]. Near the end of the
incubation period, the yolk sac is internalized
into the abdominal cavity. At the time of hatch,
the remaining yolk comprises approximately
20% of the chick’s BW and continues to pro-
vide immediate posthatch energy, protein, and
water for maintenance [1, 3]. The yolk sac (sac-
cus vitellinus) is a thick-walled, opaque struc-
ture connected to the small intestines by the
yolk stalk (ductus vitellinus) and opens on the
antimesenteric side at the jejunoileal junction
(sometimes called midileum), which lies within
the distal half of the small intestines. In most
instances, the yolk will be depleted during the
first 7 d posthatch, and the yolk sac will be
completely absorbed, leaving the yolk stalk,
also known as the Meckel’s diverticulum, a
lymphoepithelial organ [4, 5, 6, 7, 8]. However,
it has been observed that numerous broilers in
the processing plant contain what is commonly
called unabsorbed yolk contents. In a recent
study, Buhr et al. [9] found that 49% of the
broilers at market-age had an unabsorbed yolk
sac, and 34% of the yolk sacs were attached to
the yolk stalk and 15% were free-floating within
the abdominal cavity.

Campylobacter and Salmonella contamina-
tions are a major concern to the poultry industry
due to the organisms being recognized as causes
of acute bacterial gastroenteritis in humans [10,
11, 12]. Campylobacter and Salmonella are
mainly associated with the alimentary tract of
poultry. However, recent findings suggest that
Campylobacter and Salmonella can be readily
detected in numerous internal organs and tis-
sues, as well as in the alimentary tract of broil-
ers and broiler breeders [13, 14, 15, 16, 17, 18].

There is little, if any, published information
on the natural bacteriology of unabsorbed yolk
sacs, particularly concerning market-age broil-
ers. However, there have been papers reporting
the presence of Salmonella spp. in the re-
maining yolk of 1-d-old chicks and ostrich
chicks [19, 20, 21]. Dzoma and Dorrestien [19]

looked at the bacteriology of the unabsorbed
yolk sacs of ostrich chicks that ranged from 1
to 21 d of age. Of the 80 yolk sacs they studied,
22% were infected with bacteria, and the same
species were generally isolated from the liver
(only rod-shaped bacteria were observed). No
Campylobacter species, spore-forming bacte-
ria, or fungal elements were observed. Esche-
richia coli was the most common isolate found
in the unabsorbed yolks. However, they also
found Pseudomonas mesophilia, Pseudomonas
pneumonia, Serratia liquefaciens, Alcaligenes
xylosopsid, Aeromonas hydrophila, and En-
terobacter cloacae.

The objectives of this study were as follows:
1) to determine whether Campylobacter spp.
and Salmonella serovars, along with other bac-
teria, are naturally present in the unabsorbed
yolk sacs of market-age commercial broilers,
and 2) to determine what bacterial species are
common in these unabsorbed yolks.

MATERIALS AND METHODS

Experimental Design

For Experiment 1, one hundred 6-wk-old
broiler carcasses were obtained from a commer-
cial processing facility on each of 3 separate
visits. For Experiment 2, one hundred 8-wk-old
broiler carcasses were obtained from a different
commercial processing plant on each of 4 sepa-
rate visits. For both experiments, the carcasses
were removed from the processing line follow-
ing defeathering (rehang table) and transported
to a research pilot processing plant. Each car-
cass was aseptically opened and inspected for
the presence of an unabsorbed yolk sac. The
antimesenteric side of the jejunoileal segment
of the small intestine was examined for the
presence or absence of a yolk stalk called the
Meckel’s diverticulum. Those with unabsorbed
yolk sacs were further separated into 2 groups,
attached to the yolk stalk or free-floating within
the abdominal cavity.

For Experiment 1, three carcasses con-
taining a free-floating yolk and yolk stalk and
3 carcasses containing an attached yolk were
randomly selected from the 100 carcasses from
2 replications, and 5 carcasses each from the
last replication were randomly selected from
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the 100 carcasses and analyzed for levels and
types of total aerobic bacteria (APC), Entero-
bacteriaceae (ENT), Salmonella, and Campy-
lobacter.

For Experiment 2, five carcasses containing
a free-floating yolk and yolk stalk and 5 car-
casses containing an attached yolk for all 4
replications were randomly selected from each
of the 100 carcasses and analyzed for levels
and types of APC, ENT, Salmonella, and
Campylobacter spp. To reduce the possibility
of cross-contamination among samples, the un-
absorbed yolk sacs were aseptically removed
before collection of the ceca. Individual sam-
ples (free-floating yolks, yolk stalks, attached
yolk and yolk stalk, and ceca) were placed in
sterile bags, packed on ice, and transported to
the laboratory for evaluation. The samples
within plastic bags were then macerated with
a rubber mallet to ensure that the contents of the
samples were exposed and standard laboratory
procedures for Campylobacter, a modified lab-
oratory procedure for recovery of Salmonella,
and determination of ENT and APC were per-
formed on the samples. Due to the size (<1 g
to >15 g) of the sample tissues (unabsorbed
yolks), Bolton’s broth was added to the samples
to better evaluate incidence of Campylobacter,
along with Salmonella, ENT, and APC. This
procedure was validated in preliminary studies
(data not shown) and was adequate for recovery
of the organisms of interest. In addition, for
samples that weighed >2 g, a ratio of 1:3 was
used; for samples weighing <2 g, a standard of
6 mL was added to the sample bags to provide
enough diluent for all enumerations.

Campylobacter Lab Procedure

Standard laboratory methods for the recov-
ery of Campylobacter spp. were performed uti-
lizing Bolton’s enrichment broth (containing
lysed horse blood) and Campy-Cefex agar [13].
All confirmed isolates were frozen on commer-
cially available ceramic beads in cryopreserva-
tive fluid [22] and held at −80°C until species
identification could be performed.

Campylobacter Speciation

Isolates were obtained from the −80°C
freezer and placed onto Campy-Cefex agar and

incubated for 48 h at 42°C in a microaerophilic
condition (5% O2, 10% CO2, and 85% N). The
isolates were then picked and placed onto blood
agar plates and incubated at 42°C for 24 h.
Template DNA was prepared by picking 3 to 4
colonies from a plate using a sterile disposable
plastic loop and BAX PCR system [23] utilized
for speciation of Campylobacter jejuni and
Campylobacter coli.

Salmonella Lab Procedure

A validated laboratory procedure was uti-
lized, in which a 1-mL aliquot of solution from
the above Bolton’s enrichment broth after
stomaching was added to 9 mL of buffered
peptone water [24]. Standard laboratory proce-
dures were then performed utilizing TT Broth
(Hajna) and brilliant green S and modified Lys
Fe agar for plating media [24]. Confirmed colo-
nies were streaked onto Tryptic soy agar (TSA)
[25] and incubated overnight at 37°C. Parafilm
[26] was then wrapped around the top of each
TSA tube and saved at room temperature.

Salmonella Speciation

All saved TSA slants containing Salmonella
isolates were shipped to the USDA National
Veterinary Services Laboratory in Ames, IA
for serovar identification.

Aerobic Plate Count Lab Procedure

For Experiment 1 and 2, serial dilutions
were made from the unabsorbed yolk sac sam-
ples after the addition of Bolton’s enrichment
broth.

Aerobic populations were enumerated on
plate count agar and incubated at 37°C for 24
h. Populations were counted and reported as
the base-10 logarithm colony-forming units per
gram of tissue sampled. From each plate, 3 to
5 colonies were picked from the plate count
agar and streaked for isolation onto nutrient
agar, and the VITEK 2 [27] was utilized for
determination of colony types.

ENT Lab Procedure

For Experiments 1 and 2, serial dilutions
were made from the unabsorbed yolk samples
after the addition of Bolton’s enrichment broth.
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Enterobacteriaceae was enumerated on vi-
olet red bile agar with 1% glucose added with
an overlay. Plates were incubated at 37°C for 24
h. Presumptive colonies (purple-red colonies)
were counted and reported as the base-10 loga-
rithm colony-forming units per gram of tissue
sampled. From each plate, 3 to 5 colonies were
picked from the violet red bile agar and plated
onto nutrient agar. Following incubation, Mi-
cro-ID [25] was utilized for determination of
types of ENT present.

RESULTS AND DISCUSSION

For Experiments 1 and 2, the APC ranged
from log 3.3 cfu/g to >log 6.0 cfu/g for all
sample sources. The ENT ranged from log 2.8
cfu/g to >log 6.0 cfu/g. Staphylococcus spp.
and Streptococcus spp. were the predominant
organisms in APC. Staphylococcus spp. was
found to associate with the attached yolk sac
samples, whereas Staphylococcus spp. was
found in only the yolk stalk or Meckel’s diver-
ticulum samples. Escherichia coli was found
to be the predominant organism in ENT, and in
certain instances, Hafnia alvei was also found.
Escherichia coli was found to associate with
all sample sites (attached yolk sac, yolk stalk,
and free-floating yolk sac). Hafnia alvei was
isolated from only the yolk stalk samples.

Dzoma and Dorrestein [19], when examin-
ing the bacteriology of the unabsorbed yolk
sacs of ostrich chicks, found only rod-shaped
bacteria, and they reported that E. coli was the
most common isolate found in the unabsorbed
yolks. However, they also found numerous
other bacteria such as P. mesophilia, P. pneu-
monia, S. liquefaciens, A. xylosopsid, A. hy-
drophila, and E. cloacae. In a related study,
APC and ENT were found in levels of up to log
3.5 cfu/g in inoculated, experimentally raised 6-
wk-old broilers [18]. Therefore, these unab-
sorbed yolks, whether they are free-floating or
attached, can harbor numerous types of
bacteria.

For all experiments, Campylobacter spp.
was found in 29% (10 out of 31) of the yolk
stalks, 32% (10 out of 31) of the attached, and
13% (4 out of 31) of the free-floating yolk sacs
(Table 1). Salmonella serovars were found in
26% (8 out of 31) of the yolk stalks, 48% (16
out of 31) of the attached, and 23% (7 out of

31) of the free-floating yolk sacs. Campylo-
bacter and Salmonella were simultaneously re-
covered from a yolk stalk and from 3 ceca from
the 6-wk-old carcasses. In the 8-wk-old car-
casses, Campylobacter and Salmonella were si-
multaneously recovered from 5 unabsorbed
yolk sacs, 1 yolk stalk, and 2 ceca.

In Experiment 1 (6-wk-old broilers),
Campylobacter was isolated from 5 out of 11
attached yolk sacs and from 5 out of 11 corres-
ponding ceca of the attached yolk sampled car-
casses. Campylobacter was isolated from 3 out
of 11 free-floating yolk sacs, 5 out of 11 yolk
stalks, and from 5 out of 11 corresponding ceca
of the free-floating and yolk stalk sampled car-
casses. All isolates from Experiment 1 were
determined to be C. jejuni. In replication 2, all
samples tested were negative for the presence
of Campylobacter spp. In replication 1, an
attached yolk sample was positive, but the cor-
responding ceca were negative. This also oc-
curred in replication 3, in which a free-floating
yolk sac and attached yolk sac were positive,
but the corresponding ceca were negative. This
phenomenon could have been due to the inabil-
ity to detect very small numbers of Campylo-
bacter spp. with culture methods currently
available or due to overgrowth of extraneous
bacteria on the plates. In other words, Campylo-
bacter spp. may have been in the ceca but was
not culturally detected.

In Experiment 1, Salmonella serovars were
isolated from 3 out of 11 attached yolk sacs
and from 1 out of 11 ceca of the attached yolk
sac sampled carcasses. Salmonella serovars
were isolated from 3 out of 11 free-floating
yolk sacs, 5 out of 11 yolk stalks, and 1 out
of 11 ceca of the free-floating and yolk stalk
sampled carcasses. In replication 1, all samples
tested were negative for the presence of Salmo-
nella serovars. In replication 2, three of the
attached yolk samples were positive, but the
corresponding ceca were negative. This was
also seen in replication 3, in which an unab-
sorbed yolk was positive and the corresponding
ceca were negative, and, as with Campylo-
bacter, Salmonella may have been in the ceca,
but it was not culturally detected. All of the
Salmonella isolates were Salmonella Typhimu-
rium (9).
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Table 1. Incidence of Campylobacter and Salmonella in unabsorbed yolk sacs from commercial broiler carcasses

Sample site

Item Campylobacter1 Salmonella1

Unabsorbed attached yolk sac sampled carcasses2

Unabsorbed yolk sac 10/31 16/31
Ceca 10/31 15/31

Unabsorbed free-floating yolk sac sampled carcasses2

Free-floating yolk sac 4/31 7/31
Yolk stalk 10/31 8/31
Ceca 10/31 14/31

1Results for incidence of Campylobacter and Salmonella are reported as the number of positive samples/number of carcasses
sampled.
2Combination of repetitions from 6-wk and 8-wk-old commercially obtained broiler carcasses.

In Experiment 2 (8-wk-old broilers),
Campylobacter spp. was isolated from 5 out of
20 attached yolk sacs and 4 out of 20 ceca from
the attached yolk sampled carcasses. Campylo-
bacter spp. was isolated from 1 out of 20 free-
floating yolk sacs, 4 out of 20 yolk stalks, and
5 out of 20 ceca from the free-floating yolk and
stalk sampled carcasses. In replication 2 and 3,
all samples tested were negative for the pres-
ence of Campylobacter. Campylobacter again
was found in some of the unabsorbed attached
yolk samples but not in the ceca. All isolates
were determined to be C. jejuni except a single
attached yolk isolate from replication 4, which
was found to be C. coli.

In Experiment 2, Salmonella serovars were
isolated from 12 out of 20 attached yolk sacs
and 15 out of 20 ceca from the attached yolk
sampled carcasses. Salmonella serovars were
isolated from 7 out of 20 free-floating yolk sacs,
7 out of 20 yolk stalks, and 12 out of 20 ceca
from the free-floating yolk and stalk sampled
carcasses. In replication 1, four of the unab-
sorbed attached yolk samples were positive for
Salmonella, whereas the corresponding ceca
were negative. The majority of Salmonella iso-
lates were S. Typhimurium (n = 24). However,
a few isolates were Salmonella Montevideo (9),
Salmonella Manchester (7), Salmonella Ken-
tucky (6), Salmonella Thompson (3), Salmo-
nella Berta (2), Salmonella London (1), and
Salmonella Schwarzengrund (1).

Campylobacter and Salmonella are mainly
associated with the alimentary tract of poultry
[28, 29, 30]. However, these findings and previ-
ous findings suggest that Campylobacter and

Salmonella may be readily detected in numer-
ous internal tissues of broilers in addition to
the alimentary tract. The mechanism by which
these bacteria reach and colonize these unab-
sorbed free-floating yolks and internal organs
has not been determined. However, in studies
by Cox et al. [17] and Bailey et al. [30], it
was found that inoculated Campylobacter and
Salmonella could disseminate within 1 h after
inoculation to the lymphoid-like organs in 1-
d-old chicks that were either inoculated by oral
or cloacal routes. This could suggest that the
dissemination or presence of Campylobacter
and Salmonella in these internal bodies is due
to immune, systemic, or macrophage functions.
In addition, Campylobacter have been found
in the mature and immature follicles of adult
broiler breeder hens [15]. However, it was not
determined in that study if the liver played a
role in follicle contamination.

In the present study, the significance of
these unabsorbed yolks as possible reservoirs
for these human foodborne enteropathogens
and contamination points for broilers being pro-
cessed is yet to be determined. The yolk stalk
of chickens retains its lumen opening into the
small intestine by a small papilla. It has been
shown that the yolk stalk plays a role in immune
function, due to lymphoid cells accumulating
and partially occluding the stalk [31, 32]. The
lymphoid tissue appears when yolk absorption
is nearly complete and regression of the yolk
sac quickens. However, yolk stalk closure oc-
curs at different ages, and, in some species,
lymphoid invasion does not occur; therefore, it
is unknown if or how the yolk stalks close [20,
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32]. The yolk stalk may enable the internal
cavity of birds to become contaminated with
different types of bacteria. If a yolk sac be-
comes free-floating within the abdominal cavity
and the yolk stalk does not completely close,
then bacteria originating from the intestines
could be excreted into the abdominal cavity of
the bird and become peritoneal. Regardless of

CONCLUSIONS AND APPLICATIONS

1. The unabsorbed yolks, whether free-floating or attached, can harbor numerous types of bacteria
including Campylobacter and Salmonella and could be potential contamination points in
processing plants.

2. Unabsorbed yolk sacs serve as possible reservoirs for human foodborne enteropathogens and
as such may be a source of contamination for other internal tissues and organs.

3. The mechanism by which these bacteria reach and contaminate these unabsorbed free-floating
yolk sacs has not yet been determined.

REFERENCES AND NOTES

1. Romanoff, A. L. 1960. The extraembryonic membranes.
Pages 1042–1081 in The Avian Embryo, Macmillan, New York,
NY.

2. Romanoff, A. L., and A. J. Romanoff. 1949. The Avian
Egg. John Wiley and Sons Inc., New York, NY.

3. Sklan, D., and Y. Noy. 2000. Hydrolysis and absorption in
the intestine of newly hatched chicks. Poult. Sci. 79:1306–1310.

4. Olah, I., B. Glick, and R. L. Taylor Jr. 1984. Meckel’s
diverticulum. I. Extramedullary myelopoiesis in the yolk sac of
hatched chickens (Gallus domesticus). Anat. Rec. 208:243–252.

5. Olah, I., B. Glick, and R. L. Taylor Jr. 1984. Meckel’s
diverticulum. II. A novel lymphoepithelial organ in the chicken.
Anat. Rec. 208:253–263.

6. Noy, Y., and D. Sklan. 2002. Nutrient use in chicks during
the first week posthatch. Poult. Sci. 81:391–399.

7. Jamroy, D., T. Wertelecki, A. Wiliczkiewicz, J. Orda, and
J. Skorupinska. 2004. Dynamics of yolk sac reabsorption and post-
hatching development of the gastrointestinal tract in chickens,
ducks, and geese. J. Anim. Physiol. Anim. Nutr. (Berl.) 88:239–250.

8. Uni, Z., and R. P. Ferket. 2004. Methods for early nutrition
and their potential. World’s Poult. Sci. J. 60:101–111.

9. Buhr, R. J., D. V. Bourassa, J. K. Northcutt, L. J. Richard-
son, N. A. Cox, and B. D. Fairchild. 2005. Incidence and size
distribution of unabsorbed yolk sacs in commercial broilers pro-
cessed at six weeks of age. Poult. Sci. 84(Suppl. 1):16. (Abstr.)

10. Friedman, C. R., J. Neimann, H. C. Wegener, and R. V.
Tauxe. 2000. Epidemiology of C. jejuni infections in the United
States and other industrialized nations. Pages 121–138 in Campylo-
bacter. 2nd ed. I. Nachamkin and M. J. Blaser, ed. ASM Press,
Washington, DC.

11. Jacobs-Reitsma, W. F. 2000. Campylobacter in the food
supply. Pages 467–481 in Campylobacter. 2nd ed. I. Nachamkin
and M. J. Blaser, ed. ASM Press, Washington, DC.

12. Olsen, S. J., L. C. MacKinnon, J. S. Goulding, N. H. Bean,
and L. Slutsker. 2000. Surveillance for foodborne disease out-

the cause of contamination of internal bodies,
developing an understanding of the viability
and presence of Campylobacter and Salmonella
in these internal organs and tissues of broilers
could prove to be very beneficial in developing
intervention strategies at the farm and pro-
cessing levels.

breaks—United States, 1993–1997. Morb. Mortal. Wkly. Rep.
49:1–62.

13. Cox, N. A., N. J. Stern, J. L. Wilson, M. T. Musgrove, R.
J. Buhr, and K. L. Hiett. 2002. Isolation of Campylobacter spp. from
semen samples of commercial roosters. Avian Dis. 46:717–720.

14. Cox, N. A., N. J. Stern, K. L. Hiett, and M. E. Berrang. 2002.
Identification of a new source of Campylobacter contamination in
poultry: Transmission from breeder hens to broiler chickens. Avian
Dis. 46:535–541.

15. Cox, N. A., J. S. Bailey, L. J. Richardson, R. J. Buhr, D.
E. Cosby, J. L. Wilson, K. L. Hiett, G. R. Siragusa, and D. V.
Bourassa. 2005. Presence of naturally occurring Campylobacter
and Salmonella in the mature and immature ovarian follicles of
late-life broiler breeder hens. Avian Dis. 49:285–287.

16. Cox, N. A., C. L. Hofacre, J. S. Bailey, R. J. Buhr, J. L.
Wilson, D. E. Cosby, M. T. Musgrove, L. J. Richardson, J. D.
Tankson, Y. L. Vizzier, P. F. Cray, K. L. Hiett, L. E. Vaughn, P.
S. Holt, and D. V. Bourassa. 2005. Presence of Campylobacter
jejuni in various organs one hour, one day, and one week following
oral or intracloacal inoculations of broiler chicks. Avian Dis.
49:155–158.

17. Cox, N. A., L. Richardson, R. Buhr, J. Northcutt, B. Fair-
child, and J. Mauldin. 2006. Presence of inoculated Campylobacter
and Salmonella in unabsorbed yolks of male breeders raised as
broilers. Avian Dis. 50:430–433.

18. Buhr, R. J., N. A. Cox, N. J. Stern, M. T. Musgrove, and
K. L. Hiett. 2002. Recovery of Campylobacter from segments of the
reproductive tract of broiler breeder hens. Avian Dis. 46:919–924.

19. Dzoma, B. M., and G. M. Dorrestein. 2001. Yolk sac reten-
tion in the Ostrich (Struthio camelus): Histopathologic, anatomic,
and physiologic considerations. J. Avian Med. Surg. 15:81–89.

20. Jones, F. T., R. C. Axtell, D. V. Rives, S. E. Scheideler,
F. R. Tarver Jr., R. L. Walker, and M. J. Wineland. 1991. A survey
of Salmonella contamination in modern broiler production. J. Food
Prot. 54:502–507.

21. Roy, P., A. S. Dhillon, L. H. Lauerman, D. M. Schaberg,
D. Bandli, and S. Johnson. 2002. Results of Salmonella isolation



COX ET AL.: BACTERIA IN UNABSORBED YOLKS OF MARKET-AGE BROILERS 557

from poultry products, poultry, poultry environment and other char-
acteristics. Avian Dis. 46:17–24.

22. Technical Consultants Ltd., Heywood, Lancashire, UK.

23. DuPont Inc., Wilmington, DE.

24. Oxoid Inc., Ogdensburg, NY.

25. Becton, Dickinson, and Co., Sparks, MD.

26. Pechiney Plastic Package Inc., Neenah, WI.

27. bioMerieux Inc., Hazelwood, MO.

28. Grant, I. H., N. J. Richardson, and V. D. Bokkenheuser.
1980. Broiler chickens as potential source of Campylobacter infec-
tions in humans. J. Clin. Microbiol. 11:508–510.

29. Barrow, P. A., J. M. Simpson, and M. A. Lovell. 1988.
Intestinal colonization in the chicken by food poisoning Salmonella

serotypes: Microbial characteristics associated with faecal excre-
tion. Avian Pathol. 17:571–588.

30. Bailey, J. S., N. A. Cox, D. E. Cosby, and L. J. Richardson.
2005. Movement and persistence of Salmonella in broiler chickens
following oral or intracloacal inoculation. J. Food Prot. 68:2698–
2701.

31. Noy, Y., Z. Uni, and D. Sklan. 1996. Routes of yolk utiliza-
tion in the newly-hatched chick. Br. Poult. Sci. 37:987–996.

32. Latimer, H. B. 1924. Postnatal growth of the body systems,
organs of the Single Comb White leghorn chicken. J. Agric. Res.
29:363–397.

Acknowledgments
We are grateful for the assistance by Dianna Bourassa, Debbie

Posey, Kim Ingram, Jerrie Barnett, and Fredda Murray for sam-
ple collection.


